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INTRODUCTION 


'Tnis naper describing the mining wractices at Mine Un. 2 of the Mer- 


quette Rance, Michizan is one of a series beinz vrevared by the Bureau of ‘tines 


on mining practices, metho’s, and costs in the various mining districts of 
the Urited Statss. The publication of this information should be.of interest 
to the industry at large, and the exchange of ideas ther2by made yossible 
should be of economic value to overators in all narts of the country. 


ACKNOWLEDGUS PANTS 


. Tre author is indebted to the superintendent, entineer, and mining 
enptaia of the property discussed in this paner for much of the information 
presented. The seological classification is tazen from publications of the 
U. S. Gaological Survey. | oe | 


HISTORY 


: The Marquette Range was the first iron rane discovered in the Lale 
Superior District. Ore was discovered by surveyors malzinz land surveys for 
the Federal Government in Se stenber, 1844, and the first commercial ore body, 
later the Jecxson Mine, was discovered in Senvtember, 1845, b:r Marji Gesick, 

a Chipvewa Indian chief, who: showed the outcrop to ScD LGreT es 


1 — The Bureau of Mines will welcome revrinting of tris maper, provided tre 
following footnote acimowledgment is aaa na eE eens from U. S. Bureau 
of Mines Information Circular No. 6179 . 

2-~- One of the consulting enzineers, U.S. ‘urea of ine Se 


6458. 


Inf. Cir. 6179. 


For many years after the first discovery onlv the hard ores, hard 
specular hematites of high iron content, were sought, but after the Sivil 
War sone attention was paid to the hydrous hematites or soft ores, wnicn 
later became the princinal outnut of the region. 


Mine No. 2 was discovered by diamond drilling in 1907 and 190R, 
and the first shaft was started in 1909. OQOnvneration of the mine has deen 
continuous since then. | 


GEOLOGY 


The rocks in the district are pre-Cambrian, and in most places are 
overlaid by thick glacial deposits consisting of quicksand, sand, and gravel 
of Pleistocene age. a 


The Marquette Range consists of a large syncline extendinz westward 
from Marquette on the shore of Lalce Suverior to Michigamne, a distance of 
46 miles. The productive part of the range, however, extends only from 
Negaunee, 9 miles from Marquette, westward for 10 miles. Only one mine is 
now active at the west end of the ranze, although there have been large »ro- 
ducers in this vart of the range in former vears. 


Tie formation in wrich the soft ores occur is the Negaunee formation 
of Middle Muronian age. This formation consists of ferruginous cherts and 
slates through which dikes and sills of diorite have been intruded. These 
intrusions are especially imoortant in the central wart of the rante in and 
around Ishpeming. The footwall formation for the main ore bodies is ‘the 
Slamo slate, a thick layer of slate containing some cherty and rerruginous 
phases. 


The ore at this mine occurs in trovghs and folds as more or less 
lenticular masses, sheets, and chimneys, in trovghts and basins formed by 
faults and folds in the slates or between the slates and dikes. There are 
over 70 lznovn ore bodies. 


Toe dip of the formation is fairly steep at the surface and becomes 
flatter at devth, as shorm by deev diamond--drill holes. 


The shape, size, and vosition of the ore bodies, as Well as the cnar- 
acter of the ore and of the overlying rocks, have had much to do with the 
selection of tne inining methods used, and the scattered occurrence 
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of the ore bodies has materially increased the anount of Gicciesisxt aoe 
required. At one end of the mine a large ore body was found to lie just under 
the sand, and was of such size and snape that it was feasible to strip the 
ore and mine a larze vercentage of it with stesm shovels. 


PHYSICAL CHARACTERISTICS OF TYE ORE AND EXCLOSI} 1G ROCKS 


Tue ore is a soft, hydrated hematite, senerally reddisn brovm in 
color. Some of it is ver:7 high grade, but some contains silicious material 
to such an extent that it is classe’ as a silicious ore. The high-grade ore 
generally requires timber to support all but the smaller openings, but the 
Sllicious ore often stands well even in large stoves. The ore can all be 
Grilled with auger drills. 


The overlying ‘jasver is fairly hard and usually stands well,: so tliat 
open stopes can be used where the ore is narrow. This jasper consists of 
alternate bands of ferruginous chert and cherty hematite, and in places 
the changes from jasper to ore is very gradual, so that the limits of tho 
ore are commercial. i. i oo 


The slate underlying the ore is fairly friable, and drills and oreaks 
readily, but, as it stands at a high angle, little timber » is required in ) 
drifts throucth it. 


Tie larger dikes are altered diorite or diabase, and where they occur 
in the wall, rocks are not badly weatlerod. In the ore, however, the seller 
dikes are badly decommosed and do not stand well when exposed to. the air. 
They must be carefullv sorted fron the ore as it is mined. - 


Tae characteristics of both the ore and the enclosing rocks, as well 
as the shane, size, and vosition of the ore bodies, have had mucn to do with 
the applicaoility of the mining methods selected. : 


GENERAL ITEMS 


Tne mine is served by the Lake Superior & Ishpeming Railvey wita 
an ore dock on Lake Superior at Marquette, 19 miles away, and also has 
connections with the Duluth, South Shore & Atlantic Reilway which has a 
dock at Morquette, and with the Chicago & North Western Railway which has a 
dock at Escanaba on Lake Michigan, 75 miles away. Trensvortation by water 
from these vorts to Lake Erie vorts and to the Chicazo district is onen from 
April 15 to November 15, but durinz the rest of the vear all the ore hoisted 
is dumoed on stockoile, except that used by local charcoal furnaces. On 
account of its physical characteristics, the ore from this mine is particu- 
larly suitable for charcoal iron furnaces, and a larss tonnage is consumed 
by them each vear. For this trade the ore is crushed at the mine to fie inches. 
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METHODS OF PROSPECTING AND EXPLORATION 


On account of the overburden of elacial materiel, few, if any, out- 
crops of ore formation are availatle as aids in rrosvecting, but some of tne 
rocks of tne footwall ‘series do outcronv, and have assisted in determinin” 
the geological structure and in locating the swosition of the iron formation. 
Geological surveys are followed by magnetic surveys, and these in turn oy 
diamond-drilling. . a a 


Much of the ore was found by diemond-é@rilling from surface, and the 
diamond drill has also been extremely useful underground. : 


Underground prospecting has been done principally by drifting and 
raising, however, with diamond—-drilling as an adjunct. long drifts have 
been driven in the footwall near the contact.with the ore formation, and from 
these drifts diamond-drill holes are driven at frequent intervals across the 
iron-formation to the hanginz wall. When an ore body is found it is devsloned 
by crosscuts, drifts, and raises. | 4 


On account of the large amount of drifting required to reach the 
scattered ore bodies, the level interval is large, and this makes the >re- 
diction of the position of the downward extension of developed ore todies 
on one level very uncertzin on the next level. 7 


METHODS OF SAMPLING AND ESTIMATION OF TONHAGES AND VALUES 


Prospecting and development drifts and raises are surveved geologi- 
cally, ‘the formations marpved, and when in ore are sampled at 5-foot inter- 
vals. These samples and those from diamond-drill holes are recorded on mans 
and cross sections, and from them the outline and analysis of commercial oro 
bodies are determined. _ 


¢ <A factor of 12 evbic reet per ton is used in calculating ore develoned, 
and a deduction of 10 per cent for incidental rock and 10 ver cent for loss 
in mining is made. a 


Three srades of or2 are mined, two non-Bessemer standard ores, carry- 
ing 59 ner cent iron dried and 0.100 and 0.120 phosnhorus,. respectivel7, «end 
a silicious ore carrying 51 per cent iron, 0.080 per cant phosvhorus and 17 
per cent silica. oS _ 
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METHODS Of DeVocLOPMENT AND AINING 


ereral Develonment. - The mine is ovencd by three vertical shafts, 
which we will designate as No. 1, No. 2 and No. 3. £Fiszure 2 is a plan of 
a main level and Figure 3 is a lonzitudinal projection of the mine showins 
the size, shape, and »ositions of the ore bodies and the various levels re- 
quired for their development. 


No. 1 snaft was sunx« first, and is now 1,730 feet deem. It was sunk 
as a circular, concrete, drov shaft through 95 feet of quicksand to the 
ledge, end it is timbered the rast of the way. This skaft-is of the size 
and snape standard with the comvany, and its arranzement is shown in Fizure 
1. It is 10 feet 10 inches br 14 feet 10 inches inside of timbers, and 
contains two skip roads at one end, a larye cage road in the middle anda | 
compartment for ladders, vipes, cables, and counterweight at the other end. 


Levels are turned off as follows:- 


First level _ 600 feet 
Fourth level - S00 fset 
Sixth level ~ 1,200 feet 
Seventh level ~ 1,450 feet 
Bignth level 7 1,650 feet 


No. 2 shaft is 1,250 feet east of No. 1 shaft. It is of the same 
size and shape as the lower part of No. 1 shnft. It is, however, timbered 
througnout. It is close-timbered to the ledze, a distance of 30 feet, and 
below tiiis point the sets are 6 feet avart on certers, | 


This skaft is 875 feet deep, and has levels as follows:- 


First level . ee: 200 feet 
Second level ~ 550 fset 
Third level oe 600 feet. 


Fourth level > G00 fect 
No. 2 shaft is connected with No. 1 shaft on the fourth level. 
Eoti No.l. and No. 2 suafts nave steel headframes, and each is equinned 
with two 4-ton siips and a large cage 4 feet 10 inches by 10 feet 4 inches in 
floor area. The skins are hoisted in balance and the cage is counterbalanced 


by a cast-iron circular counterweight running inside a 1]le-inch vive. 
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No. 3 shaft is 2,609 feet east of No. 2 snaft,; with which it is 
connected on the third and fourth levels at denths of 650 and €60 fect. 
This’ snaft has been used cnly as a manvav and suonly shaft, and for venti- 
lation and outlet. No ore has teen noisted throuzh it. It is equinved 
with a cage and counterweight. & plan of this shaft is shown in Figure l. 


Development Details. - Some very good drifting records have been | 
made at Mine No. 2, average vrogress of 400 to 500 feet a month being usual 
practice. The standard drifts are 10 by 10 feet in cross section. 


The round drilled is shown in Figure 4. The whole round is drilled, 
and tne noles are then blasted at one time, using fuse. As soon as the smoke 
is blorvm out, mucking is started with an air driven, dipper tyre Armstronz | 
loader, which discharges directly into 36-cubic-foot rocier—dump cars. Drill- 
inzg‘is carried on at the same time as the mucking. Two 34-inch, wet, mounted 
hammer drills, using 1i-inch hollow round steel with lugs, are mounted ona 
4—inch single screw bar, set um across the drift. Two rounds are drilled and 
blasted in each shift of 8 hours. 


The crew consists of three miners, a shovel overator, «& motorman, md 
two trammers. 


| Sixty per cent low-freezing,. ammonia gelatin in 14 by 8 inch sticks 
is used in blasting. | 


The standard rnises in the ore are cribbed and have two compartments 
of the same size. The cribbing is round and is cut 5 fect 4 inches long 
overall. It is 6 to 8 inches in diameter. Each comoartment is timbered sep— 
aratelv, so that there are two thicknesses of timber in the center. One 
comnartment is used as a chute and the other as a ladder way and timber slide. 


Wnen the raise is put wn from a main haulageway, a hinged slide is 
attached to the bottom set in the ladder road, the hinges being on tne side 
farthest from the drift. This is made of 2-inch plank and is so constructed 
that, when the bottom ladder has been removed, it can te swung into plac: 
as a chute bottom, parallel to the main-chute dottom. Stopyver boards are 
dropped into place in front, and it becomes a chute of small canacity to 
catch the dirt that falls dorm the ladderway at every blast while the raise 
is being pvt wo. This arrangement prevents the spilled dirt from falling 
on the track and delaying traffic. | 
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Inf. cir. No. 6179. 
STOPING 


Two methods of stoning are used. In the wider and softer ore bodies 
the ore is minced by top-slicing, and in the narrow ore bodies, which stand 
at a tiigh angle and have fairly strong walls, substoves aro used. 


-TOP-SLICING 


The ore body is opened DV (5 cues aene. cribbed raises, put und at 
an inclination of 65 to 76°, They are svaced usuolly 50 to 100 feet avart 
on centers, and are carried to tne top of the cre body. Ten to 15 feet belov 
the top of the ore body a swublevel is turned off and the raises are connected. 
Slices 10 feet high are then taken by radial drifts from the top of each raise, 
as snown in Figure 5. First a side-slice is driven along one side of the long- 
itudinal drift and a second side-slice is carried alongside it. Both are tin- 
bered with 3-foot round timbers and are carefully lagged. The second slice 
1s not full width close to the raise. A third slice, and verhany a fourth, 
is taicen out, and es soon as the timbers shor that they are taking weight they 
are lasted down, excert close to the raise. The floor in each slice is care- 
fully covered down as soon as the slice is finished, usinz 3h-inch round 
poles 9% feet long laid side by side in, the drift and overlapned 2 feet at 
each end. These are covered crosswise with 8 foot legzing on the to tov 
sublevels, pout not on the lover sibs. | 


This method of side~-slicing is saneiwa on until all the ore on this 
sublevel within the stoving area of the raise has been mined out. The mincrs 
then cut out in the raise 10 fect lower down, and reveat the vrocess, taking 
out at each blast the full height of the ore uw to the covering poles of the 
first suolevel. 

Tre ore is drilled with auger drills of the jackhammer tyre, using 
twisted auger steel of diamond section 14 inches by 7/8 inch on the center 
lines. Three rows of holes are required, three in the top row and four each 
in the other tio. 


Sixty per cent gelatin is used in biasting. 


| The ore is hauled to the chute with scrapers of the hoe-type, 42 
inches wide, weighing 325 pounds eecn. The hoists nave two drums and are 
driven by 75 and 10 ho. motors. Every working place is supplied with fron 
two to eae long extension cords with 50-watt lamps attached, and every chute 
is guarded by a grizzly made of rails set 10 inches anart. When scraping is 
not in progress, the chute is covered. | 
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The features of the mining method that deserve snecial mention are: 


1. The 10-foot sublevel interval, which promotes safety and 
commlete extraction. | 

2e The thoroughness witn wnich tne floor of eech slice is 
covered down. This prevents contamination of the ors below by broken rock 
from above, and promotes safety by affording complete prctection for miners 
working on the next sublevel below. 

3. The liberal use of electric lights, which promctes botn 
safety and efficiency. 

4. The use of strong exvlosives which shatter the ore so that 
it is easily handled with the scraper. 

. Oo. Tne tyne and size of the scraver and hoist used. The 

scraper blocks are of suostantial construction and are made at the mine. 
The sneaves in them are mede of manganese steel, 55 incnes in diameter in 
the groove, and are 2 inches wide. They are brass— busned and have a 1-;-inch 
bore. Tne hauling rove is one-half inch in diameter and the teil-rope three- 
elenths inch. The tail block is hung from an eyebolt of svecial design, wrich 
is shown in Figure 7, It is inserted in a drill hole in the breast, and is 
made fast by the wedges orn the sides. It is so designed that it does not bind 
in the hole nearer than 6 inches from the collars. 


SUBS TOPING 


In the narrow, steeply dipping ore bodies, substopes are used as often 
as possible. If the ore extends upward from a main level, a drift is driven 
lengthwise througn the ore, and raises are yut up at 25-foot intervals on the 
footwall side to the first sublevel, which is 25 feet above the floor of the 
main level. The main level is timbered and in every raise but one a chute is 
built. The raise witnout a chute is used as a manvay and supoly raise. This 
raise is timbered. 


The raises are continued to the top of the ore, and are connected 
on successive sub-levels at 20-root intervals. The arrangement is shown in 
Figure 6. Raises are not timbered. 


Stoping starts on the first sublevel in the raise farthest from the 
supply raise. The raise is opened out into an inverted cone for the full 
width of the ore body, usually 14 to 25 feet, and wppers are then drilled in 
the back around the raise and are blasted. The process is repeated on suc- 
cessive sabtlevels until the stove has been onmened to the ton of the ore. 
Starting now on the ton sublevel two vertical rows cf horizontal holes are 
drilled in the side of the sublevel drift at rigrt angles to its axis and 
are tlasted. This leaves room enough on the tench thus formed to drill long 
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holes both ways from the drift to reack the walls. When these ars blasted 
there is a cut 7 feet high all across the ore body. A double row of upoer- 
holes is now drilled and blasted in the brow over this cut, leaving room for 
10-foot holes in the remaining brow above. This process is reneated on suc~ 
cessive sublevels downward, the face of the ore being kent at an averaze 
angle of abcut 80°, sloping array from the chute. Drilling is done with 
auger drills and stopers. 


A variation of fs method is used wnen the ore does not extend dorn 
to a main level. In this case a sublevel is onened at the base of the ove - 
for the full length of the ore body, which is rarely over 125 feet long. A 
raise from the main level is vut up to each end of tais sublevel; one of 
these raises is used as a manwavy and the other as a manway and chute. This 
sublevel corresnonds to the first sublevel in the method described in tho 
preceding vparagranh, and the raises and sublevels are opened in the same 
Manner as cescribed, but in this case there are no hovvers or cones. The 
ore broken in the stone falls to the first sublevel and is hauled by a 
scraper to the chute. This maxes it possible to break chunks easily, and 
eliminates blasting in the chutes, which is the cause of much delay in : 
the method first described. | : 


The tail block of the scraper is attached to a piece of five-eignhths- 
inch wire rove, which is weund on a.small hoist at the tov of the manway 
opposite the chute and scraper hoist. Before bdlastins, the tail block is 
hauled to the scraner hoist to be out of tho way of the vlast, but the 
five-eighths-inch rove is left in the stove. As the ore is not hard the 
rope is seldom broken by the blast. When it is broksn, however, a light 
line tied to a small chunk of ore is thrown ecross the stove by hand, and 
the wire rope is pulled after it. In no case does a man have to go out in 
the stone. : 


Tois scneme is satisfactory only in rooms not ovaz 125 feet in 
length. In longer rooms the second manvay should come un in a pillar in 
the middle of the room, and the ore can de vulled both wavs from this point 
to chutes at both ends of the stcne. - 


UNDERGROUND’ TRANSPORTATION 


In putting uo raises two side-sets of. ground are taken out on the 
side of the drift, and the chute is built on ton of 9-foot legs. These side 
sets provide a place for the air hoist thet is used for hoisting timber, and 
allow the foot of the ladder to te lent back from the side of the main naulage- 
wav. Tre chutes are built of 3-inch plank and are closed by stovper-boards. 
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In drifting, rock is loaded into 36-cubic foot rockcr-dum cars, 
but for loading at chutes on main levels the standard cars are gable-bottomed, 
and have a capacity of 65 cubic feet. These cars will probably be revlaced 
soon ov rocker-—dumo cars cf the same capa 2citv. 


The locomotives are of the trolley type, weigh 6>: tons, and have tvo 
374 hp. series motors. The power circuit is 250-volt. Both locomotives and 
cars are eauipved with half-size automatic counlers, and every locomotive 
carries a 5-ton jack and a pair of rerailers. 


The track is of 30-inch gauge and is laid with 40-pound rails with 
welded bonds. Block signals are used on all levels wnere more than one 
locomotive is in service. In all there are over le miles of main-line track 
in use, 


r 


At the shaft there is a large storage vocket with compartments fo 
eacn 


rock (waste) and tvo kinds of ore. Below these are measuring pockets, 
holdinz 4 tons, wnich is the canacity of the skip. 


: | PERCENTAGE OF EXTRACTION 


Extraction is estimated at 90 per ccnt, and probably another 10 per 
cent is spoiled by included rock or falls of rock from the back or sides of 
stopes. These losses are deducted from the sross tonnage in calculating ore 
available for mining. | 


~~ CONTRACT SYST=M 


All miners are pnaid on a contract basis, the unit for vrice calcu- 
lations being a 4-ton car. Excent in the substopes and raises every gang 
is vrovided with a scraper or a mechanical loader, and the contract prices 
range from 75 cents to $1.60 ver car. The miners pay for explosives, car- 
bide, picks and shovels, lamps, and small accessories. The comsany furnisues 
drills and steel, compressed air and electricity, lights, loading equipment, 
and timber. The miners do their own timbdering and blasting. 


VENTILATION 


Ventilation is natural and is excellent. Mechsnically operated doors 
are instelled at the vorover places to control the flow of air, and in deed 
ends small fans are used to blow tre powder smoke from the breast. Both 
canvas tubing and the 10-inch sviral riveted pipe are used for ventilating 
ducts. 
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FIRS HAZARDS AND SAFETY WORK 


Although tho danger of fire is not great, fireproof self-closing 
doors are installed at convenient vlaces by means of which the air current 
can be stopred until all the men are out of the mine. Jhese doors are closed 
vy counterweishts and are held open by latches which can be tripped by onen- 
ing a valve between the main air pive and a special pive line at any level 
in any shaft or on surface. | 


A stench warning signal systen has been installed, and fire-helmot 
crews receive rezular training from both. tne company's safety department 
and the U. $. Bureau of Mines Mine-Rescue Car. 


Tnese men also receive training in first-aid, and are provided with 
a full quota of rescue apparatus. 


Much attention is naid at this mine to safety work, and a remarkable 
record of over 15 months of operation without a single lost-time injury has 
been made. Cleanliness and light are required everywhere, on surface and 
underground, and discipline is excellent. 


All tne shart stations are whitewasned and well lignted, and all 
tools are kept hung up. Every man is required to Wear a hard hat and must 
wear gogrles when doing certain classes of work. All fuses are capped at 
centrally located stations on each level. The lenzths of fuse are standard- 
ized, and the capping is done with a safety-cap crimoer. Fuses arc carried 
and stored in svecial sheet-iron circular cans 10 inches in diameter and 
4 inches deep, and all powder is distributed from firevroof magazines under- 
ground. It is by giving attention to these details that such fine results 
have been accomplished. 
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MINING COSTS 


Table 1.- Summary o2 costs 


Name or number of mine: Mine No. 2 Marquette Cornty, Mich. Period covered: 
Year of 1928. Tons ore hoisted during veviod! 120,000. Mining method: Sublevel 
stoning. 7 


Underground Costs per Ton of — Hoi sted 
1. Be 
‘ Labor 


De 


ee 


mscp1os a Be [si 


ivos | ber Supplic 


cw eae - — nee - eee 


Develovment: 


In ore .912 (0.008 0.010 (0.032 
In rock -------- s058 306 | 0057 Loe 
_ | | 
Mining ~--------------- 180 .050 | .01 075 417 
Trensportation | | 
(underground) ---- --- 0134s ~{ ,005 ! ,Uke 
General under- er : | | 
ground expenses ------ ~ 150 | ~ 020 920 | 193 
| 
Surface exnense | | | | 
(directly apoli- | | | 
cable to under- | | : | 
ground overation) - 10 {| = ~ 040; . - | 00% .907 | .065 
Total eae i 0.045 ws 077 10. 0.1411 0.08 063 £.045 0.154 1.075 


ice 
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Table 1-A.— Summary of costs 


Name or number 
Year of 1928, 
Slicing. 


of mine: Mine No. 2, Marquette County, Mich. Period Covered: 
Tons ore hoisted during period: 240,000. 


Mining Method: Ton-. 


Underground costs per _ton ore hoisted 


— 


Development: 
In or2 
In rock 


Transportatior 
(underground) 


General under- 
ground exvense . 


surface exve 
(directly a 
cable to under 
ground opera- 
tion) 
Total 


Cormressed- 
air drills 
and steel 


a ic 


5. | 6. | 7. 6. 
Explos-| Timber | Other Total 
ives jsuvplie 
_ ! ee 
| 
0.012 0.006 i 0.010 0.099 
.006 E 08%) 450 
.075 | 070 | .075 | .707 
! | 
| 
! ” =. 4 6005: in146 
| | 
| , 
| “ | - .020 | 020 | .193 
: : 
P| 
| .040 = 009 .007 | .066 
0.141 0.083 | 0.105 | 0.154 aes 


Inf. Cir. No. 6179. 


Table. 2 - SUMMARY OF SOSTS IN UNITS OF LAROR, POWIR & SUPPLIES 


Jame or Number of Mine - No.-2 Mine, Marquette County, Mich. Period Covered - 


ts 


Year 1928. 
Tons Ore :fined and Hoisted - %364,945 


Mining Method - Top Slicing & Sub-Level Stoping. 


DEVELOPMENT  MINING(STOPING) TOTAL 


A. Lavoor (Man-Hours per Ton) 


Breaking (Drilling & Blasting) 033 053 
‘Timbering (or), (and) Filling 174 142 
Muciting — 049 »159 
Haulaze and Hoisting 021 ~195 
Supervision ~016 .034 
General 4050 ele: 
_ Total Labor Underground 0535 ~625 
Av. Tons ver Man per Shift 25.52 11.66 


Labor, Per Cent of Total Cost 


Be. Power and Suvvlies, 


Explosives (lbs. per ton) ~229 6244 
(kind and crade) 604 L.F. 60% L.F. 


Ammonia Gel. Ammonia Gel. 
Timber (Lin. Ft. per Ton of Ore) 


Total Power (In K.W. dr. or H.P. 
Ers. per Ton) 


(1) Air Comoression 
(2) Hoisting 
(3) Pumping 
(4) Lightinz gnd Haulage 
(5) Miscellaneous 
Total Power K.W. Hr. per Ton 


C. Per Cent of Total Cost L1.15 36.35 
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Table 3. - Detail of costs in units of labor, rower, and suoplies 


DEVELOPMENT 


Eee © + Ee ee 9 wens - - 


' Drifting | Cross- | Raisins 


ee: Cee eee eutti bya feted kon 


Size of excavation (sub, . : | 
l 


stopes) ---~----- ---- | 4 by 6 ft. 4 br 6 ft. gr 
Main levels'10 by 10 ft. | 10 dy 10 ft. 5 by 1l ft. 
Timbered or not ------- | 10 by 10 ft. ore drifts, timbered Timbered 


| 10 by 10 ft. rocis drifts, not timbered 
4 by 6 ft. ore drifts - not timbered 
on suts in substones 


ae 
td 
ES 


ore -------~----- totais ! Soft -— -— 
a ee ee Soa eee —— —t—— ee ere ene enon eee So ee eco a ee 
A. Labor (man hours per foot): Main level ~ ove and rock drifting 
Brealting (drilling and blastins)--------------------- 0.53 
Timberiug ---------~----- -- 2 eee tee ee ee © OO 
Cee eee ce eee Sadr See hae eee OD 
Raulige sand hoisting -----~------~-------- ren ee 1.33 
SUT Vi SOG seSet 2 See eee eee eee eee 08 
ee to) bee peer see ees eee er na Be 
Feet ver @-hour man-srift ------~ wien ne Loe 
B, Power and suprlies (ver foot): 
Ex;lovives (los. per ft.) in large drifts --~------- ae a 


C. Percentazs of total cost: 


anid cae ene en Saeco a 


Lacor Te gee See OT ee apts ee Foe tet cee et ea eee ee Lee ae at ny eee Ne ie ey ee ee any 70.9 
Supplies ---------.------------------------- 29.4 


